Cyclophosphamide treatments Young male Sprague-Dawley rats (2n=42, 6 weeks old, about 225 g in weight) were housed two in a cage and allowed a one-week acclimation period. There were two groups of rats, 3AA and GAA (12 rats each), on the amino acid-supplemented diets for four weeks. They were allowed food and water ad libitum. The overall condition of the rats during the course of the study was monitored by weekly measurement of the food intake and body weight. The average food intake and body weight increase were found to be similar among the 2 groups and those groups in the previous study.
Slide preparation
The preparation of slides was described elsewhere (Chen and Lin 1986) . test at 5% level) # Denotes significant difference from the control (0mg) within a diet group (Student t-test at 5% level) ** Results from Chen and Lin (1986) 
Results
In a previous study (Chen and Lin 1986) , an average of 4.78 and 10.27 SCE per cell were recorded in rats, receiving no CP, on Diet P and Diet G respectively (Table 2) . In this study, rats on the two diets supplemented with three limiting amino acids, Diet 3AA and Diet GAA, without CP treatment had similar SCE frequencies (Table 2, Figs. 1, 2) .
CP treatment increased SCE frequency in all rat groups. The higher the CP dosage, the higher the SCE frequency (Table 2) . After CP treatment at 1mg/kg body weight (b. w.), the SCE frequencies of Groups 3AA (9.25, Fig. 3) and GAA (11.17, Fig. 4) were higher than that of Group P (7.15), but were significantly lower than that of Group G (14.88). When treated at 5mg/kg b. w., the SCE frequencies of Groups 3AA (19.17, Fig. 5 ) and GAA (21.17, Fig. 6 ) were lower than those of Group P (24.81) and Group G (35.37). It appears that addition of amino acids, based on FPPE concept, reduced SCE frequency especially at higher CP dosage (5mg/ kg b. w.). 
Figs

Discussion
According to the FPPE theory, the wider the variation in its FPPE values of amino acids, the poorer the food. The FPPE values of amino acids in Diet G varied with a wide range (Table 1) . Diets 3AA and GAA were prepared by supplementing Diets P and G with three limiting amino acids so that the differences among the FPPE values of essential amino acids were narrowed. The addition of amino acids to Diet G reduced SCE frequency significantly at all levels of CP treatments. The addition of amino acids to Diet P also made rats more resistant to SCE induction at higher level of CP treatment.
Several amino acids have been found to reduce chromosome aberrations induced by muta gens in cultured cells and therefore are anticlastogenic. For example, L-cysteine has been shown to have such protection against structural chromosome aberrations by mutagens for mammalian cells (Arutunian and Kuleshov 1972 , Gebhart 1969 , 1970 and against SCE in duction by X-rays (Abramovsky et al. 1978 ) and radical-forming substances, hydroxylamine and hydrazine (Speit et al. 1980) . When amino acids were used alone and/or in combinations to test their anticlastogenic effect in vitro, some showed anticlastogenic action, some did not, and some increased the effect of mutagens (Gebhart 1973a, b) . The various anticlastogenic amino acids showed dif ferent protective efficacies and some showed dependence of clastogens (Gebhart 1973a, b) .
In more recent studies, L-cysteine did not influence SCE rate induced by mutagens Tre nimon and 8-hydroxyquinoline sulfate in human lymphocytes (Gebhart and Kappauf 1980) and by hydrogen peroxide in Chinese hamster cells (Speit et al. 1982) in cultures. All the above three agents are known to cause chromosome aberrations. Thus these results suggest that the sites of SCE formation and anticlastogenic activity do not coincide. In a study by Gebhart and Becher (1976) , two different media were used and were shown to have quantitative influences on the anticlastogenic activities of amino acids. This was probably due to that the amounts of amino acids present in the two media were different; when amino acids were added to these media, the FPPE values of these amino acids were changed leading to different reactions to mutagens. The medium with a wider range of FPPE values would probably be less resistant to mutagens. In the present study and a previous study (Chen and Lin 1986) , the results in dicate a good correlation between the FPPE values of essential amino acids and SCE frequency. Amino acids could act as agents reducing chromosome lesions induced by mutagens if they could narrow the range of the FPPE values of amino acids, and added amino acids could enhance the effects of mutagens if they widen the variation of FPPE values. This could explain the results of Gebhart (1973a) where some added amino acids (e. g. arginine) increased the effects of Trenimon. These added amino acids could have widened the differences among the FPPE values of amino acids.
Alkylating agents are among the most effective agents capable of inducing SCE. The alkylating agent CP is a known clastogen, but is also currently used in the treatment of malig nant lymphomas. The CP dosage employed is often high and given repeatedly. A large single dose of 30mg/kg b. w. was found to be effective in patients with lymphomas (Calabresi and Parks 1975) . It is hoped that elucidation of specific action of SCE-reducing agents can lead to practical uses. It would be very desirable to have a treatment protocol such that the antitumor drugs are still effective in chemotherapy while their toxicity can be reduced to the minimum. On the other hand, a decrease in serum blood used urea nitrogen in rat was ob served through dietary supplementation of three limiting amino acids (Torre et al. 1981) . With the use of lysine-supplemented diet, Jarowski and Pytelwski (1975) were able to demon strate lower cholesterol levels in rats. Persons taking lysine and tryptophan supplementation and showing lower plasma cholesterol and triglyceride levels were also reported (Raja and Jarowski 1975) . In these experiments, the amount of amino acids supplemented was calcu lated based on the fasting plasma profile equivalent concept. These results along with our results suggest that we might benefit from manipulation of dietary components in many dif ferent ways.
Summary
Less balanced diets are known to induce higher sister chromatid exchange (SCE) frequency in rats. The SCE frequency of various diet rat groups correlated well with the degree of vari ation among the fasting plasma profile equivalent (FPPE) values of amino acids in their diets. To narrow the differences among the FPPE values of essential amino acids, three limiting amino acids, lysine, tryptophan, threonine, were added to the regular diet (Diet P) and to a less balanced diet, Diet G. The amounts of amino acid supplemented were calculated based on the FPPE concept.
It was found that the addition of the three amino acids could reduce SCE frequency of those rats treated with a mutagen, cyclophosphamide (CP), especially at a higher dosage of CP.
